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ABSTRACT
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described. Methods associated with such wireless commu-
nication enabled circuit breakers are also described. The
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COMMUNICATION ENABLED CIRCUIT
BREAKERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a United States National Phase filing of
International Application No. PCT/US2018/019856, filed

Feb. 27, 2018, which claims the benefit of U.S. Provisional
Application Ser. No. 62/465,046, filed Feb. 28, 2017,
entitled “Wireless Commumnication Enabled Circuit Breakers
and Circuit Breaker Panels;” U.S. Provisional Application
Ser. No. 62/500,031, filed May 2, 2017, entitled “Wireless
Communication Enabled Circuit Breakers and Circuit
Breaker Panels;” U.S. Provisional Application Ser. No.
62/612,654, filed Jan. 1, 2018, entitled “Secure Communi-
cation for Commissioning and Decommissioning Circuit
Breakers and Panel System;” U.S. Provisional Application
Ser. No. 62/612,656, filed Jan. 1, 2018, entitled “Commu-
nication Enabled Circuit Breakers;” and U.S. Provisional
Application Ser. No. 62/612,657, filed Jan. 1, 2018, entitled
“Communication Enabled Circuit Breakers;” which appli-
cations are mcorporated herein by reference 1n their entirety.

FIELD OF THE DISCLOSURE

The present invention relates generally to circuit breakers.
More particularly, the present invention relates to commu-
nication enabled circuit breakers and circuit breaker panels
that house circuit breakers.

BACKGROUND OF THE DISCLOSURE

Circuit breakers provide protection in electrical systems
by disconnecting a load from a power supply based on
certain fault conditions, e.g. ground fault, arc fault, over-
current. In general, circuit breakers monitor characteristics
of the electrical power supplied to branch circuits. The
circuit breakers function to automatically interrupt, open,
‘trip” or ‘break’ the connection between the power supply
and a branch circuit when fault conditions (e.g., arc faults,
ground faults, and unsafe overcurrent levels) are detected on
the supplied branch, e.g. automatically open a switch to
disconnect the branch from the power supply when such
fault conditions are detected.

Existing circuit breaker panels and circuit breakers
housed by such panels may provide limited information to
clectricians and consumers about the nature of the fault
conditions observed by circuit breakers. For example, elec-
tricians and consumers may be able to determine that a
circuit breaker has tripped by visual inspection of the circuit
breaker or 1f power 1s lost on one or more loads. The visual
inspection of the circuit breaker generally requires observing
an operating switch associated with the circuit breaker. The
operating switch of the circuit breaker 1s provided to allow
for manually opening and closing contacts of the circuit
breaker. The operating switch 1s also typically used to reset
the circuit breaker after the circuit breaker has tripped due to
a detected fault condition.

It 1s to be appreciated, that circuit breakers are typically
installed 1n circuit breaker panels, which are themselves
typically located in dedicated electrical rooms, basements,
garages, or outdoor spaces. Additionally, circuit breaker
panels often mclude a door or cover that limits access to the
circuit breakers housed therein. Therefore, locating, inspect-
ing and/or resetting deployed circuit breakers may be dith-
cult. Furthermore, because circuit breakers generally require
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2

visual inspection to determine 1f a fault condition has
occurred, property owners and/or residents may not imme-
diately recognize when an electrical fault condition has
caused a circuit breaker to trip. Failure to immediately
recognize when an electrical fault condition has caused a
circuit breaker to trip may cause damage to property and/or

personal effects due to a loss of electricity to one or more
loads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a communication enabled circuit breaker
and panel system 1n accordance with an exemplary embodi-
ment,

FIG. 2 illustrates a first exemplary embodiment of a
communication enabled circuit breaker;

FIG. 3 illustrates a second exemplary embodiment of a
communication enabled circuit breaker;

FIG. 4 1llustrates a communication enabled circuit breaker
controller 1n accordance with an exemplary embodiment;

FIG. 5 illustrates a first exemplary embodiment of a
technique to communicate with a communication enabled
circuit breaker;

FIG. 6 illustrates a second exemplary embodiment of a
technique to communicate with a communication enabled
circuit breaker:;

FIG. 7 1llustrates a third exemplary embodiment of a
technique to communicate with a communication enabled
circuit breaker:;

FIG. 8 illustrates a fourth exemplary embodiment of a
technique to communicate with a communication enabled
circuit breaker;

FIG. 9 1illustrates a fifth exemplary embodiment of a
technique to communicate with a communication enabled
circuit breaker;

FIG. 10 1illustrates a sixth exemplary embodiment of a
technique to communicate with a communication enabled
circuit breaker;

FIG. 11 1llustrates a first exemplary embodiment of a logic
flow;

FIG. 12 1llustrates a second exemplary embodiment of a
logic flow; and

FIG. 13 illustrates a storage medium according to an
exemplary embodiment.

DETAILED DESCRIPTION

Communication enabled circuit breakers and circuit
breaker panels are provided. Methods associated with such
communication enabled circuit breakers and circuit breaker
panels are also provided.

In some embodiments, 1t 1s possible to remotely commu-
nicate with at least one of the communication enabled circuit
breakers and/or circuit breaker panels. The remote commu-
nication may be accomplished using a wired or wireless
communication link. In some implementations, remote com-
munication with the communication enabled circuit break-
ers/panels 1s made possible through the Internet. For
example, one or more devices coupled to the Internet may
communicate with the communication enabled -circuit
breakers/panels. In another implementation, a computing
device may directly communicate (e.g., via a PAN or MESH
network) to one or more of the communication enabled
circuit breakers/panels, thereby eliminating the necessity of
communicating through a WAN/LAN; e.g. the Internet. In
some 1mplementations, the communication enabled circuit
breakers may be controlled remotely. For example, a com-
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puting device coupled to the communication enabled circuit
breakers may be used to remotely control the communica-
tion enabled circuit breakers. In some implementations, the
computing device may remotely trip or disable one or more
of the communication enabled circuit breakers. In some
implementations, the computing device may remotely reset
or enable one or more of the communication enabled circuit
breakers. In some examples, the computing device may
remotely view and/or determine a status of the breaker. It 1s
noted, that the term “‘reset” may be used interchangeably
with the term “set” when referring to manipulating the status
of the breaker.

The embodiments detailed herein provide a circuit
breaker including a current sensor arranged to measure
current within the breaker. More specifically, the current
sensor can be arranged to measure current between a line
side phase and neutral connections and a load side phase and
neutral connections of the breaker. Additionally, the breaker
can include communication components configured to trans-
mit information including indications of the measured cur-
rent. For example, a computing device may remotely obtain
data or information related to operation of one or more of the
communication enabled circuit breakers. Such data or 1nfor-
mation can 1nclude, detected fault signatures, power meter-
ing metrics (e.g., voltage, current, watts, etc.), power meter-
ing metrics incident to a detected fault, or the like. Such data
and information may be added to a database or data reposi-
tory, for example, on a cloud-based database. Furthermore,
such related information may be useful in tracking power
usage of loads coupled to individual branch circuits.

In further examples, a user may be notified of detected
taults, received power metering information, or the like. In
some examples, faulty wiring, load types (e.g., HVAC
systems, refrigerators, televisions, and computers), failing
loads (e.g., failing refrigerator compressor, or the like) may
be 1dentified from data or information received from the
wireless communication enabled circuit breakers. Addition-
ally, the computing device may remotely update one or more
of the communication enabled circuit breakers, such as,
updating a firmware with a custom or load specific fault
detection logic. In general, the firmware can include logic
related to detection of fault conditions that would cause the
wireless communication enable circuit breaker to trip.

It 1s noted, that the present disclosure often uses examples
of communication enabled circuit breakers and panels,
which may be wirelessly coupled. It 1s to be appreciated that
the examples given herein can be implemented using wired
communication technologies (e.g., Ethernet, RS232, USB,
or the like) mstead of wireless communication technologies.
As such, the use of the term “wireless” when referring to the
communication technologies that may be implemented by
the breakers and/or panels 1s not intended to be limiting to
breakers and panels which only communicate wirelessly.
Furthermore, system components can be referred to as
“wireless” without implying that the elements recited thereto
are devoid of wires or physical conductors/conductive paths.
Lastly, the present disclosure could implement a breaker and
panel system where the breakers communicate with the
panel via a wired link without departing from the spirit and
scope of the disclosure.

FI1G. 1 illustrates a communication enabled circuit breaker
and panel system 100 1n accordance with an exemplary
embodiment. The communication enabled circuit breaker
and panel system 100 includes a circuit breaker panel 102.
The circuit breaker panel 102 may include any number of
communication enabled circuit breakers 104-n, where n 1s a
positive integer. For example, system 100 1s depicted includ-
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4

ing communication enabled circuit breakers 104-1, 104-2,
104-3,104-4,104-5,104-6,104-7,104-8, 104-9 and 104-10.
It 1s noted, system 100 1s depicted with communication
enabled circuit breaker 104-1 to 104-10 for purposes of
clarity and not limitation. For example, system 100 can
include panel 102 having any number (e.g., 1, 2, 3, 4, or
more) of communication enabled circuit breakers 104-z.
Additionally, panel 102 may include both commumnication
enabled circuit breakers (e.g., 104-1 to 104-10) as well as
conventional circuit breakers (not shown).

Additionally, although each of the communication
ecnabled circuit breakers 104-1 to 104-10 are labeled as
breaker 104, it 1s to be understood that communication
enabled circuit breakers 104-1 to 104-10 are not necessarily
identical. For example, communication enabled circuit
breaker 104-1 may be a ground fault circuit interrupter
(GFCI) device; communication enabled circuit breaker
104-2 may be an arc fault circuit interrupter (AFCI) device;
communication enabled circuit breaker 104-3 may be a
conventional overcurrent circuit breaker, an overcurrent
hydraulic-magnetic circuit breaker, an overcurrent thermal
magnetic circuit breaker, or the like; communication enabled
circuit breaker 104-4 may include both GFCI and AFCI
functionalities. Furthermore, each of the communication
enabled circuit breakers 104-1 to 104-10 may be rated for a
predefined trip amperage or overcurrent state, and not nec-
essarily the same predefined trip amperage or overcurrent
state.

Furthermore, communication enabled circuit breakers
104-1 to 104-10 may be shaped and sized differently. For
example, communication enabled circuit breaker 104-1 may
be a double pole circuit breaker having a 2 inch width;
communication enabled circuit breaker 104-2 may be a
single circuit breaker having a 1 inch width; communication
enabled circuit breaker 104-2 may be a circuit breaker
having a % inch width; communication enabled circuit
breaker 104-2 may be a circuit breaker having a 1 & 4 inch
width; etc. The width of the communication enabled circuit
breakers 104-1 to 104-10 refers to the shorter side of the
generally rectangular visible face of the wireless circuit
breakers 104-1 to 104-10 once 1t 1s installed 1n the circuit
breaker panel 102.

Each of the communication enabled circuit breakers
104-1 to 104-10 may include communication components
(refer to FIGS. 2-3), which 1s some examples can be
wireless. Such communication components associated with
cach of the communication enabled circuit breakers 104-1 to
104-10 may enable the communication enabled circuit
breakers 104-1 to 104-10 to communicate (e.g., send and/or
receive miormation elements including data, indications of
operating conditions, instructions, updated fault interruption
instructions, or the like) using any of a variety of commu-
nication standards. For example, 1n the case of communi-
cation enabled communication, the wireless circuit breakers
104-1 to 104-10 can include wireless communication com-
ponents arranged to communicate via a wireless communi-
cation protocol, e.g., Bluetooth® Low Energy (BLE), thus
enabling the communication enabled circuit breakers 104-1
to 104-10 to communicate using BLE communication
schemes. In the case of wired communication, the commu-
nication enabled circuit breakers 104-1 to 104-10 can
include wired communication components arranged to com-
municate via a wired communication protocol, e.g., USB or
MTP, thus enabling the wired circuit breakers to communi-
cate using a wired communication scheme.

The circuit breaker panel 102 further houses a circuit
breaker controller 106. The circuit breaker controller 106
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may include communication components (refer to FIG. 4).
In an alternative embodiment, the circuit breaker controller
106 15 coupled to the circuit breaker panel 102 1n an external
arrangement. For example, the controller 106 could be
housed 1 a different panel than panel 102 or disposed
external to the panel 102. The communication components
associated with the circuit breaker controller 106 may enable
the controller 106 to communicate (e.g., send and/or receive
information elements including data, indications of operat-
ing conditions, instructions, updated fault interruption
instructions, or the like) using any of a variety of commu-
nication standards.

In general, the communication enabled circuit breakers
104-1 to 104-10 and the wireless circuit breaker controller
106 (and particularly, the wireless communication compo-
nents of these devices) can be arranged to communicate
using a variety of communication technologies, which may
be wireless or wired in nature. For example, the circuit
breaker controller 106 can be arranged to communicate via
Z1gBee®, Z-Wave, Bluetooth®, Bluetooth® Low Energy
(BLE), 6LowPan, Thread, Cellular, Siglox®, NFC, Neul®,
LoRaWANT™_ or the like. In some implementations, the
communication enabled circuit breakers 104-1 to 104-10
and the circuit breaker controller 106 may communicate via
wired (as opposed to wireless) technologies. For example,
the communication enabled circuit breakers 104 may be
communicatively coupled via a wired link to the circuit
break controller 106.

The circuit breaker controller 106 may be configured to
communicate via multiple communication components. For
example, circuit breaker controller 106 may be configured to
communicate with communication enabled circuit breakers
104-1 to 104-10 via BLE as described above. Additionally,
the circuit breaker controller 106 can be configured to
communicate (e.g., send and/or receive information ele-
ments including data, indications of operating conditions,
instructions, updated fault interruption instructions, or the
like) via a second wireless commumnication scheme or via a
wired communication scheme. For example, circuit breaker
controller 106 could include wireless communication coms-
ponents arranged to wirelessly communicate via Wi-Fi®
technology, thus enabling the circuit breaker controller 106
to commumnicate using Wi-Fi communication schemes.
Accordingly, the circuit breaker controller 106 can commu-
nicate with devices external to the circuit breaker panel 102
via wireless channel 108, for example, using Wi-F1 com-
munication schemes. In general, however, the circuit breaker
controller 106 may be enabled to communicate with devices
external to the circuit breaker panel 102 using any suitable
type ol communication technology, either wireless or wired
(e.g., BLE, 4G, LTE, Wi-Fi, USB, RS232, MTP, etc.).

Component from the circuit breaker panel 102 may com-
municate (e.g., wirelessly or wired) with one or more remote
entities 120. For example, the communication enabled cir-
cuit breakers 104 and/or the circuit breaker controller 106 of
panel 102 may communicate wirelessly with a mobile
device 110 (e.g., tablet computer, mobile phone, etc.), a
computing device 112 (desktop computer, server, etc.) and/
or the Internet 114 (e.g., a server device or computing device
linked to the Internet). For example, the communication
enabled circuit breakers 104-1 to 104-10 can communicate
with the circuit breaker controller 106, which can itself,
wirelessly communicate with any one of remote entities 120.
It 1s noted, remote entities 120 are depicted including mobile
device 110, computing device 112, and Internet 114. How-
ever, remote entities 120 could include just a single device
or entity remote to circuit breaker panel 120. The term
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remote entities 120 1s used herein to refer to one or more
devices remote to the panel 120, such as, for example,
mobile device 110, computing device 112, and Internet 114.
Furthermore, although the term remote entity 120 1s some-
times used herein in the plural, 1t 1s not intended to 1mply or
denote multiple devices or multiple entities remote to panel
102 but could simply refer to a single entity remote to the
system (e.g., just the Internet 114, just the mobile device
110, or the like).

In some examples, the communication enabled circuit
breakers 104-1 to 104-10 can directly couple to remote
entities 120. For example, the mobile device 110 can com-
municate directly (e.g., via BLE) with at least one of the
communication enabled circuit breakers 104-1 to 104-10. In
addition, the circuit breaker panel 102 (e.g., via the circuit
breaker controller 016) may include wireline connectivity
functionality, such as an Ethernet port, to enable wireline
communication with one or more remote entities. In some
implementations, the communication enabled circuit break-
ers 104-1 to 104-10 may establish a mesh network. For
example, communication enabled circuit breaker 104-1 may
share a wireless connection with a remote entity 120 with
communication enabled circuit breaker 104-2. Furthermore,
in such a mesh network topology, communication enabled
circuit breaker 104-2 may share the wireless connection to
the remote entity 120 with communication enabled circuit
breaker 104-3 and communication enabled circuit breaker
104-4. Therefore, using the mesh network topology, the
wireless connection to the remote entity 120 may be shared
between the communication enabled circuit breakers 104-1
to 104-10. The mesh network may be implemented in
accordance with wireless communication schemes, or stan-
dards, such as, BLE standards, Wi-Fi1 standards, or the like.
In some examples, the mesh network can be implemented 1n
accordance with the Bluetooth Core Specification (e.g.,
Bluetooth Specification Version 4.2, 5.0, or the like). In
some examples, the mesh network can be implemented 1n
accordance with a combination of the Bluetooth Core Speci-
fication (e.g., Bluetooth Specification Version 4.2, 5.0, or the
like) and proprietary mesh network overlay. In some
examples, multiple systems 100, or more specifically, mul-
tiple controllers 106 from different, adjacent, related, or the
like panel systems 102 might be coupled via a mesh network
as detailed herein. As an example, a circuit breaker control-
ler 106 from a main panel 102 might be communicatively
coupled to a circuit breaker controller 106 of a sub-panel 102
via a mesh network provided by communication enabled
circuit breakers 104 from both the main and sub-panels 102.

As described above, the circuit breaker controller 106
may communicate, or exchange signals, including data,
information, or information elements including indications
ol operating conditions, fault detection events, fault signa-
tures, updated fault detection logic, or the like between
communication enabled circuit breakers 104-1 to 104-10
and remote entities 120. Various examples of the exchange
of such signals, and examples of the content of such signals,
are given lurther below when describing FIGS. 5-12.

In some embodiments, a remote entity 120 (e.g., mobile
device 110, computing device 112, Internet 114, or the like)
may include a storage 116 configured to store a database
118. Database 118 can store accounts and profiles associated
with circuit breaker panels 102 deployed at various loca-
tions. In some implementations, the profiles may indicate the
location (e.g., physical address, service address, location
within the building of the service address, or the like) of
deployed circuit breaker panels 102. In some implementa-
tions, an account can be associated with multiple circuit
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breaker panels 102, each of which can be deployed at the
same service address or different service addresses. In some
implementations, the profiles can include indications of the
number, position, type (e.g., GFCI and/or AFCI), or the like
ol communication enabled circuit breakers 104-1 to 104-10
deployed 1n the circuit breaker panels 102. In some 1mple-
mentations, the profiles can include indications of the type
of load or branch circuit to which the communication
enabled circuit breakers 104-1 to 104-10 are attached.

In some 1implementations, homeowners, business entities,
manufacturers and/or electricians may have access to the
accounts and profiles stored in the database 118. Entities
may gain access to the database 118 by way of the mobile
device 110, the computing device 112 and/or the Internet
114. The accounts and profiles may be password-protected,
so that only authorized users may gain access to the accounts
and profiles stored 1n the database 118.

For example, a user may establish an account with data-
base 118 provider (e.g., cloud data provider, manufacturer,
or the like). Each such account may have permissions or
roles assigned to the account. For example, a service tech-
nician may have a role of “technician” assigned to his
account and may be associated with multiple panel system
102. As such, the user can access/manage/view or otherwise
manipulate data in database 118 for the multiple panel
systems 102. As another example, a homeowner may asso-
ciate multiple properties with his account. Thus, the home-
owner can access/manage/view or otherwise manipulate
data 1n database 118 for the panel systems 102 associated
with the homeowner’s properties. In some examples, a user
may be assigned a role with limited access privileges, such
as, for example, privileges may be limited to viewing
historical data and receiving alerts only but changing set-
tings (e.g., alert settings, upgrade breaker firmware, etc.)
may be denied. For example, a landlord may establish a
profile for a tenant 1n which a tenant might access historical
data and receive alerts but not make changes to the compo-
nents of the panel system.

As another example, a commercial technicians or main-
tenance groups might have an account in which locations
(c.g., multiple panels systems each with multiple branch
locations) are accessible to the commercial groups account.
In some examples, manufactures of the communication
enabled circuit breakers and/or circuit breaker controller
may establish a cloud account and may aggregate data from
multiple cloud account (e.g., based on similar installed
equipment, similar branch circuit types, similar loads, etc.).
such aggregated data may be used by the manufacturer to
improve services and/or devices as described herein, such
as, for example, upgrading firmware for breakers, or the like.

Additionally, cloud account may establish alert settings
(e.g., alert location (e.g., email, text, phone call, or the like).
Alerts may be triggered based on the historical data (e.g.,
events, electrical parameters, breaker diagnostics, breaker
cycling On/Ofl, or the like).

The database 118 may store historical data related to the
panel 102 and particularly the communication enabled cir-
cuit breakers 104-1 to 104-10 deployed 1n panel 102. Such
historical data can be based on data or information receirved
from communication enabled circuit breakers 104-1 to 104-
10, such as, for example, data including indications of
operating conditions of the communication enabled circuit
breakers 104-1 to 104-10. In general, the historical data may
be used 1n deciding to: (1) update fault interrupter mnstruc-
tions associated with one or more communication enabled
circuit breakers 104-1 to 104-10, (2) calibrate one or more
communication enabled circuit breakers 104-1 to 104-10,
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(3) predict faults on branch circuits coupled to one or more
wireless circuit breakers 104-1 to 104-10, (4) predict failure
of loads coupled to branch circuits coupled to one or more
wireless circuit breakers 104-1 to 104-10, etc. This 1s
described 1n greater detail below when describing FIGS.
5-12. It 1s worth noting, that database 118 can be stored 1n
the cloud (e.g., accessible via Internet 114), on remote entity
120, on controller 106, or stored local to communication
enabled circuit breakers 104. For example, in some
instances, each of communication enabled circuit breakers
104 may include a memory arranged to “log” or capture
events, electrical parameters, or other metrics as detailed
herein. Furthermore, the various logic flows and techniques
detailed herein to “analyze” such historical data can be
implemented by any of the remote devices (e.g., executed by
a physical remote device such as a mobile phone, executed
by a cloud computing provider, executed by the controller
106, or even executed local to the breaker 200). Examples
are not limited in this context.

However, prior to describing these several example
embodiments, a description of the system 100 and particu-
larly components and operation of exemplary communica-
tion enabled circuit breakers 104 and an exemplary circuit
breaker controller 106 of the system 100 1s given. As
described above, the present disclosure can be implemented
to provide communication enabled circuit breakers 104,
circuit breaker controller 106, and remote entities 120,
arranged to communicate via either wired or wireless com-
munication protocols and technologies. However, for clarity
of presentation, the following examples depict and describe
communication enabled circuit breakers 104 and a circuit
breaker controller 106 arranged to communicate via wireless
communication protocols. As such, many of the communi-
cation enabled circuit breakers 104 described in the follow-
ing examples are referred to as “wireless circuit breakers”
104. Likewise, the circuit breaker controller 106 may be
referred to as a “wireless circuit breaker controller” 106.
This 1s not intended to be limiting and the example breakers,
controller, remote entities, techniques, and systems depicted
and described below can be implemented with wired com-
munication technologies without departing from scope of
the disclosure. Additionally, the wireless circuit breakers
104 and the wireless circuit breaker controller 106 are
described herein to communicate via BLE for purposes of
convenience and clarity of presentation. This 1s also not
intended to be limiting.

With some 1mplementations, access to database 118 can
be facilitated and/or provided via a graphical user interface
(GUI) or user mterface (UI). Thus, a user can determine, via
the GUI and/or UI a status of the communication enabled
circuit breakers 104-1 to 104-10, mitiate tripping or setting
of the communication enabled circuit breakers 104-1 to
104-10, view a historical power consumption of the panel
102, each of the communication enabled circuit breaker
104-1 to 104-10, or the like.

The storage 116 may be a computer readable or machine-
readable storage medium may include any tangible media
capable of storing electronic data, including volatile
memory or non-volatile memory, removable or non-remov-
able memory, erasable or non-erasable memory, writeable or
re-writeable memory, and so forth. The storage 116 may also
include computer executable instructions. Examples of com-
puter executable mnstructions may include any suitable type
of code, such as source code, compiled code, interpreted
code, executable code, static code, dynamic code, object-
oriented code, visual code, and the like. The examples are
not limited in this context. The storage 116 may be one or
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more memory chips capable of storing data and allowing
any storage location to be directly accessed by a processor
linked to the storage 116, such as any type or variant of

Static random-access memory (SRAM), Dynamic random
access memory (DRAM), Ferroelectric RAM (FRAM),

NAND Flash, NOR Flash and Solid State Drives (SSD). The
database 118 may be stored 1n the one or more memory
chips.

System 100 may further include auxiliary sensors 130,
which may be disposed within circuit breaker panel 102 or
external to circuit breaker panel 102. For example, system
100 1s depicted including auxiliary sensors 130-1 and 130-2
disposed within panel 102 and auxiliary sensors 130-3 and
130-4 disposed external to panel 102. Auxiliary sensor 130
can communicatively couple to circuit breaker controller
106 via any of the wired or wireless communication
schemes discussed herein. In general, auxiliary sensors 130
can be any sensor, such as, for example, a temperature
sensor, a humidity sensor, a light sensor, a proximity sensor,
a motion sensor, etc. Furthermore, auxiliary sensors 130
may correspond to Internet-of-Things (IoT) type devices or
other “smart” systems. For example, an alarm system might
be coupled to controller 106 and arranged to provide con-
troller 106 with indications (e.g., via motion sensors, smart
door locks, etc.) of the environment 1n which the system 100
1s deployed. As another example, auxiliary sensor could be
a GPS sensor coupled to a mobile device. The GPS sensor
could provide location input to the controller 106 such that
controller 106 may implement various features detailed
herein based on such location input, often referred to as
“geo-Tencing”. As another example, auxiliary sensor 130
could be a smart thermostat coupled to an HVAC system.
The smart thermostat may provide an imnput to controller 106
and controller 106 may actuate (e.g., turn OFF, turn ON) a
breaker associated with the branch circuit that feeds the
HVAC system. Examples are not limited 1in these contexts.

It 1s noted that the present disclosure may be implemented
with a combination of conventional circuit breakers and
communication enabled circuit breakers as described herein.
Thus, for example, a conventional panel might be upgraded
where conventional circuit breakers for one or more branch
circuits are replaced with communication enabled circuit
breakers as detailed herein.

FIGS. 2-4 illustrate example embodiments of wireless
circuit breakers and a wireless circuit breaker controller.
FIGS. 5-12 illustrate example and techmques that can be
implemented by the example breakers and controller. The
example breakers and controller, along with components
included 1n these example embodiments, are first described
tollowed by the description of the example techniques.

FI1G. 2 illustrates a wireless circuit breaker 200 1n accor-
dance with an exemplary embodiment. In some examples,
the wireless circuit breaker 200 can be implemented as any
one of the communication enabled circuit breakers 104-1 to
104-10 of the system 100 of FIG. 1. Generally, the wireless
circuit breaker 200 may be used 1n a wide range of com-
mercial, residential, and industrial circuit breaker panels.
The wireless circuit breaker 200 may be configured to
operate 1n conjunction with different electrical power dis-
tribution systems, including single-phase, split-phase,
3-phase delta, and 3-phase star. These systems may operate
at any suitable voltage such as 120/240 (120 V phase-
neutral, 240 phase-to-phase), 120/208, 265/460, 277/480.

The wireless circuit breaker 200 includes multiple con-
nections or “terminals.” Specifically, wireless circuit breaker
200 1s depicted including a line side phase connection 202,
a line side neutral connection 203, a load side phase con-
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nection 204, and a load side neutral connection 205. The line
side phase connection 202 and line side neutral connection
203 are coupled to a power source. The load side power
phase connection 204 and load side neutral connection 205
are coupled to a load. Thus, current can enter the wireless
circuit breaker 200 via the line side phase connection 202,
exit the wireless circuit breaker 200 via the load side phase
connection 204, return to the wireless circuit breaker 200 via
load side neutral connection 205, and travel back to the
power source via line side neutral connection 203. The line
side phase connection 202 and neutral connection 203 may
be coupled to a power source (e.g. an electrical grid). The
load side phase connection 204 and the load side neutral
connection 205 may be coupled to a branch circuit that may
feed a load (e.g., HVAC system, reirigerator, TV, etc.).

The wireless circuit breaker 200 may include a power
supply 207. The power supply 207 receives an mput power
from the line side phase connection 202 and the line side
neutral connection 203. The power supply 207 converts, in
some 1mplementations, an AC voltage to a regulated DC
voltage for use by some or all the electrical components
associated with the wireless circuit breaker 200. To that end,
the voltage provided by the power supply 207 1s uninter-
rupted even when the wireless circuit breaker 200 1s caused
to trip because of a trip incident. In some examples, the
power supply 207 includes circuitry to condition the current
and/or voltage supplied to the electrical components of the
wireless circuit breaker 200. In some examples, power
supply 207 1includes a fuse, which can 1n some embodiments
be replaceable, to protect the power supply 207 and wireless
circuit breaker 200 from overcurrent conditions. In some
examples, the power supply 207 itself includes a circuit
breaker to protect the power supply 207 and wireless circuit
breaker 200 from overcurrent conditions. In some examples,
power supply 207 1itself includes a circuit breaker to protect
the power supply 207 and wireless circuit breaker 200 from
overcurrent conditions. With some examples, power supply
207 can be arranged to compensate for various electrical
conditions that may be present on the input line for the panel
system 102. For example, power supply 207 could be
arranged to compensate for under-voltage conditions, filter
interference, or the like.

A memory 208 1s disposed 1n the wireless circuit breaker
200. The memory 208 may comprise an article of manufac-
ture. In some examples, the memory 208 may include any
non-transitory computer readable medium or machine read-
able medium, such as an optical, magnetic or semiconductor
storage. The memory 208 may store various types of com-
puter executable mstructions 210. The memory 208 may be
coupled to a processor 212. The processor 212 could be any
of a variety of processors, such as, for example, a central
processing unit, a microprocessor, a field programmable
gate array, an application specific itegrated circuit, or the
like. The processor 212 can be arranged to execute instruc-
tions 210 to aid 1 performing one or more techniques
described herein.

In some 1mplementations, the memory 208 1s configured
to store fault interrupter instructions 210-1. The processor
212 can be arranged to execute fault interrupter istructions
210-1 to aid in performing one or more techniques described
herein (e.g., cause the wireless circuit breaker 200 to trip,
cause the wireless circuit breaker 200 to set, wirelessly
transmit data related to a trip 1incident (e.g., a signature of a
detected fault) to a remote entity 120, or the like). Addi-
tionally, the memory 208 1s configured to store power
metering 1nstructions 210-2. The processor 212 can be
arranged to execute power metering nstructions 210-2 to aid
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in performing one or more techniques described herein, such
as, cause the wireless circuit breaker 200 to collect operating
metrics (e.g., current measurements, voltage measurements,
power measurements, or the like) and send the collected
operating metrics to a remote entity 120 (e.g., directly or via
controller 106, or the like).

In some examples, the wireless circuit breaker 200 could
be provisioned with more than one set of fault interrupter
instructions 210-1. For example, memory 208 could store
different sets (or types) of fault interrupter instructions 210-1
while processor 212 could be arranged to execute a selected
one of the sets of fault interrupter instructions 210-1 depend-
ing upon certain condition(s), e€.g., whether the building 1n
which the panel 1s coupled 1s occupied, whether the building
in which the panel 1s coupled 1s under constructions, a time
of day, a time of vear, a geographic location of the panel, or
the like.

The wireless circuit breaker 200 includes a fault inter-
rupter 214 or a “circuit interrupter” 214. In some implemen-
tations, the fault interrupter 214 1s operable to interrupt
taults (e.g., decouple the load side phase connection 204
from the line side phase connection 202) based 1n part on the
fault interrupter nstructions 210 stored 1n the memory 208.
As used herein, the term “fault” could include any of a
variety of conditions with which 1t may be desirable for the
wireless circuit breaker 200 to disconnect the line side
connection from the load side connection. For example,
“fault” may be a fault within the breaker, a fault on the load
side, a fault on the line side, or the like. As another example,
“fault” may be a ground fault, an arc fault, an overcurrent
tault, or the like. Examples are not limited 1n these contexts.
The fault interrupter 214 may comprise various hardware
clements. In some examples, the fault interrupter 214
includes at least a trip solenoid and/or an energy storage
clement to trip the trip solenoid and cause the line side
connection 202 to decouple from load side connection 204.
In further examples, the fault interrupter 214 can include a
reset solenoid and/or energy storage element to set the
breaker 200 and cause the line side connection 202 to couple
to the load side connection 204.

The fault interrupter instructions 210 may be executed
(e.g., by fault interrupter 214, by processor 212, or the like)
to cause the trip solenoid to break current flowing from the
line side phase connection 202 to the load side phase
connection 204 1n specific conditions or to cause the trip
solenoid to restore current flowing from the line side phase
connection 202 to the load side phase connection 204 1n
specific conditions. For example, when the current exceeds
a threshold defined by the fault interrupter istructions 210.
In another example, the fault interrupter 214 includes func-
tionality, controllable by way of the fault interrupter instruc-
tions 210, to sense characteristics of a line current, for
example an amount of current, a frequency of the current,
high-frequency current components, dynamic distribution of
the frequency components over time and within a half cycle
of a power line frequency, various profiles of power line
characteristics, etc. As another example, the fault interrupter
214 includes functionality, controllable by way of the fault
interrupter mstructions 210, to set the breaker 200, such as,
upon receipt of a control signal from a remote entity 120
where the control signal includes an indication to set the
breaker.

The fault interrupter 214 may be sensitive to radio ire-
quency (RF) signals (1.e., wireless signals). Therefore, the
fault interrupter 214 may be partially or completely sur-
rounded by an RF shielding 216. The RF shielding 216 may

comprise any suitable material such as ferrous material, to
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attenuate wireless signals. In some implementations, the RF
shielding 216 shields the fault interrupter 214 from wireless
signals generated by the: wireless circuit breaker 200, other
wireless circuit breakers 200, wireless circuit breaker con-
troller 106, and/or entities external of the circuit breaker

panel 102.

The wireless circuit breaker 200 includes wireless com-
munication components 218. The wireless communication
components 218 enable the wireless circuit breaker 200 to
communicate wirelessly using any suitable type of wireless
communication technology, such as that described herein.
The wireless communication components 218 may include
at least a radio 226, an antenna 224, and processor 222. In
general, the radio 226 can be any radio configured to
communicate using a wireless transmission scheme, such as,
for example, BLE. The antenna 224 can be coupled to the
radio 226 and configured to emit and receive RF signals. For
example, the antenna 224 can emit RF signals received from

the radio 226 (or radio transceiver circuitry, which is not
depicted for clarity) coupled between the radio 226 and the
antenna 224. The antenna 224 could be any of a variety of
antennas (or antenna arrays) having diflerent shapes and/or
configurations arranged to emit/receive RF signals on a
frequency, range of frequencies, or the like. Furthermore, the
antenna 224 could be iternal to the housing 228 of the
wireless circuit breaker 200 or external to the housing 228
or packing of the breaker 200. The processor 222 can be any
ol a variety of processors (e.g., application processor, base-
band processors, etc.) arranged to perform at least transmis-
sion and reception of wireless signals associated with the
wireless circuit breaker 200.

As described, the wireless communication components
218 recerves power from the power supply 207, which 1s
coupled to the line side phase connection. Therefore, the
wireless communication components 218 enable the wire-
less circuit breaker 200 to communicate wirelessly even 1f
the fault mterrupter 214 interrupts current tlowing between
the line side phase connection 202 and the load side phase
connection 204. Additionally, this provides an advantage
over conventional circuit breakers that might include some
diagnostic capabilities. For example, conventional circuit
breakers diagnostic features are load side powered. As such,
a user must manually return a breaker to the ON position to
retrieve any diagnostic information with conventional
breakers. However, with breakers according to the present
disclosure, the diagnostic components are powered from the
line side. As such, a user may retrieve diagnostic informa-
tion even where a breaker has tripped.

An mdicator may be implemented on the wireless circuit
breaker 200. The indicator may be any suitable type of
indicator such as a visual or audible indicator including but
not limited to, an LED, neon bulb, and/or piezoelectric
buzzer. In the present embodiment, the indicator 1s a light
emitting diode (LED) 220. The LED 220 may be i1lluminated
to a predefined color, 1llumination pattern, and/or 1llumina-
tion frequency, when the wireless circuit breaker 200 1s 1n an
update mode. The update mode indicates that the wireless
circuit breaker 200 1s ready to receive updated fault inter-
rupter instructions for storage in the memory 208 from a
remote entity 120. In some implementations, when the
wireless circuit breaker 200 1s an update mode, the wireless
circuit breaker 200 1s open or tripped. In some 1mplemen-
tations, when the wireless circuit breaker 200 1s an update
mode, the wireless circuit breaker 200 1s unable to provide
tripping functionality. This 1s described in greater detail
below.
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The wireless circuit breaker 200 may comprises a housing,
228. The housing 228 may be a miniature circuit breaker
(MCB) housing. In some implementations, the MCB hous-
ing has a width of 1 inch. It 1s noted, that the dimensions of
the breakers are given for example only. Breaker widths
could be any width, e.g., ¥2 inch, 34 inch, 1 inch, 1Y% inches,
2 inches, or the like.

In some implementations, the wireless circuit breaker 200
includes a current sensor 230. In general, the current sensor
230 provides a signal that 1s proportional to current tlowing
in either the line side phase connection 202 or the load side
phase connection 204. The signal generated by the current
sensor 230 may be provided to the processor 212. In some
implementations, the wireless circuit breaker 200 may also
include a voltage sensor 232. The voltage sensor 232 can be
coupled to line side phase connection 202 or the load side
phase connection 204 and configured to measure a voltage
applied to the line side phase connection 202 or the load side
phase connection 204. The voltage sensor 232 may provide
a signal representing a voltage on the line side phase
connection 202 or the load side phase connection 204. The
signal representing the voltage on the line side phase con-
nection 202 or the load side phase connection 204 may be
provided to the processor 212. In some implementations, the
wireless circuit breaker 200 may also include a temperature
sensor 234. The temperature sensor 234 may be arranged to
sense an ambient air temperature proximate to the current
sensor 230. Furthermore, the temperature sensor 234 may be
arranged to sense a temperature of the ambient air within the
housing 228. Furthermore, the temperature sensor 234 may
be a combination temperature and humidity sensor arranged
to further sense a humadity level within the housing 228. The
temperature sensor 234 may convert the sensed temperatures
and/or humidity levels to one or more signals that may be
provided to the processor 212.

As described, the processor 212 can be arranged to
execute power metering instructions 210-1 to aid 1n per-
forming one or more techniques described herein. For
example, the processor 212 can cause the wireless circuit
breaker 200 to collect signals indicative of current between
the line side phase connection 202 and the load side phase
connection 204. Additionally, the processor 212 can cause
the wireless circuit breaker 200 to collect signals indicative
of current and a voltage on the line side phase connection
202. Additionally, the processor 212 can cause the wireless
circuit breaker 200 to obtain and/or calculate metering
information based on the sensed current, sensed voltage, or
both). Those collected current or current and voltage signals
may be provided by the current sensor 230 and the voltage
sensor 232, respectively. Furthermore, the processor 212 can
cause the wireless circuit breaker 200 to condition the
obtained or calculated metering information based on tem-
perature and or/humidity signals obtained by the tempera-
ture sensor 234. The obtained and/or calculated metering
information may include line voltage, mains frequency,
phase current and/or voltage of a multiphase system, and/or
power consumption. Furthermore, obtained and/or calcu-
lated metering information may include current, voltage,
root mean square (RMS) current, RMS voltage, power,
reactive power, active power, reactive energy, active energy,
power quality, energy consumption, energy feedback to
power grid, etc. With some examples, processor 212 can
determine metering information at a rate of between 4 and
8 kilo Hertz (kHz).

The obtained metering information may be conveyed to
the wireless circuit breaker controller 106 by way of the
circuit breaker 200. As detailed, as power supply 207 may
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operate from the line side of breaker 200, metering infor-
mation may be obtained and/or conveyed by breaker 200
even when the fault interrupter 1s 1n the tripped state. The
wireless circuit breaker controller 106 may relay the
obtained metering iformation to a remote entity 120. The
obtained metering information may be stored database 118
stored on storage 116. The wireless circuit breaker controller
106, remote entity 120, and/or the wireless circuit breaker
104 may obtain the metering information using one or more
calculations that use current, or voltage and current samples
obtained from the line side phase connection 202 or the load
side phase connection 204. Furthermore, the wireless circuit
breaker controller 106, remote entity 120 and/or the wireless
circuit breaker 104 may store the metering information to
establish historical data that relates to the metering infor-
mation and/or diagnostic information. In some examples, the
historical data can be stored 1n database 118.

FIG. 3 1llustrates a wireless circuit breaker 300 1n accor-
dance with another exemplary embodiment. In some
examples, the wireless circuit breaker 300 can be imple-
mented as any one of the communication enabled circuit
breakers 104-1 to 104-1 of the system 100 of FIG. 1.
Generally, the wireless circuit breaker 300 may be used 1n a
wide range of commercial, residential, and industrial circuit
breaker panels. The wireless circuit breaker 300 may be
configured to operate 1n conjunction with different electrical
power distribution systems, including single-phase, split-
phase, 3-phase delta, and 3-phase star. These systems may
operate at any suitable voltage such as 120/240 (120V
phase-neutral, 240 phase-to-phase), 120/208, 265/460, 277/
480. It 1s noted, wireless circuit breaker 300 includes several
similar components to wireless circuit breaker 200, such as
memory 208 including fault interrupter instructions 210-1
and power metering instructions 210-2; processor 212,
power supply 207, LED 220; and wireless communications
components 218 including processor 222 antenna 224 and
radio 226. Such similar components are numbered consis-
tently between FIGS. 2-3. Furthermore, a description of
such components 1s not repeated when describing breaker
300 for purposes of brevity.

The wireless circuit breaker 300 includes line side phase
connections 301 and 302, a line side neutral connection 303,
load side phase connections 304 and 305, and a load side
neutral connection 306. The line side phase connections 301
and 302 and the line side neutral connection 303 are coupled
to a power source. The load side phase connections 304 and
305 and the load side neutral connection 306 are coupled to
a load. Thus, current can enter the wireless circuit breaker
300 via the line side phase connections 301 and 302, exit the
wireless circuit breaker 300 via the load side phase connec-
tions 304 and 305, and return to the wireless circuit breaker
300 via the load side neutral connection 306, and travel back
to the power source via the line side neutral connection 303.
The line side phase connections 301 and 302 and the line
side neutral connection 303 may be coupled to a power
source (e.g., an electrical grid). The load side phase con-
nections 304 and 305 and the load side neutral connection
306 may be coupled to a load (e.g., HVAC system, relrig-
erator, TV, etc.).

The power supply 207 receives an input power from one
or more of line side phase connections 301 and 302 and the
line side neutral connection 303. The power supply 207
converts, 1 some 1mplementations, an AC voltage to a
regulated DC voltage for use by some or all the electrical
components associated with the wireless circuit breaker 300.

In some 1implementations, the wireless circuit breaker 300
includes current sensors 330-1 and 330-2. As depicted,
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current sensor 330-1 1s coupled to line side phase connection
301 while current sensor 330-2 1s coupled to line side phase
connection 302. In general, the current sensors 330-1 and
330-2 provide signals that are proportional to a dernivative of
a current flowing 1n the respective line side phase connec-
tions 301 and 302. The signals generated by the current
sensors 330-1 and 330-2 may be provided to the processor
212.

As described, the processor 212 can be arranged to
execute power metering instructions 210-2 to aid 1n per-
forming one or more techniques described herein. For
example, the processor 212 can cause the wireless circuit
breaker 300 to collect current signals indicative of current
between the line side phase connections 301 and 302 and the
load side phase connections 304, and 3035. Additionally, the
processor 212 can cause the wireless circuit breaker 300 to
collect signals 1indicative of current and voltage on the line
side phase connection 301 and 302. Additionally, the pro-
cessor 212 can cause the wireless circuit breaker 300 to
obtain and/or calculate metering information based on
sensed current, sensed voltage, or both sensed current and
voltage. Those collected current or current and voltage
signals may be provided by the current sensors 330-1 and/or
330-2 and the voltage sensor 232. Furthermore, the proces-
sor 212 can cause obtained or calculated metering informa-
tion to be conditioned based on temperature and or/humidity
signals obtained by the temperature sensor 234. The
obtained and/or calculated metering information may
include line voltage, mains frequency, line voltage, phase
current, and/or power consumption. Furthermore, obtained
and/or calculated metering information may include current,
voltage, root mean square (RMS) current, RMS voltage,
power, reactive power, active power, reactive energy, active
energy, etc. The obtained metering information may be
conveyed to the wireless circuit breaker controller 106 by
way of the circuit breaker 300. The wireless circuit breaker
controller 106 may relay the obtained metering information
to a remote entity 120. The wireless circuit breaker control-
ler 106, remote entity 120, and/or the wireless circuit
breaker 300 may obtain the metering information using one
or more calculations that use voltage and current samples
obtained from the line side phase connections 301 and 302.
Furthermore, the wireless circuit breaker controller 106,
remote entity 120, and/or the wireless circuit breaker 300
may store the metering information to establish historical
data that relates to the metering mnformation. The historical
data and other data may be stored in the database 118.

FI1G. 4 1llustrates a wireless circuit breaker controller 400
in accordance with an exemplary embodiment. In some
examples, the wireless circuit breaker controller 400 can be
implemented as the circuit breaker controller 106 of the
system 100 of FIG. 1. Generally, the wireless circuit breaker
controller 400 may be used 1n a wide range of commercial,
residential, and industrial power panels. In some embodi-
ments, the wireless circuit breaker controller 400 can be
implemented within a circuit breaker panel (e.g., panel 102)
while 1n other embodiments, the wireless circuit breaker
controller 400 can be implemented externally to a panel
(e.g., panel 102) and coupled to wireless breakers (e.g.,
breakers 104-7) within the panel. In an alternative imple-
mentation, the wireless circuit breaker controller 400 can be
implemented as part ol a mobile device, such as a mobile
phone, having hardware/solftware functionality to enable the
mobile device to function as the described wireless circuit
breaker controller 400.

A memory 402 1s disposed in the wireless circuit breaker
controller 400. The memory 402 1s configured to store
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updated fault interrupter instructions 404-1. Furthermore,
the memory 402 may be configured to store metering
information 404-2 received from one or more wireless
circuit breakers (e.g., breakers 104-»). The stored metering
information 404-2 may form the basis of historical infor-
mation or data associated with individual wireless circuit
breakers. As detailed further herein, such historical infor-
mation may be stored in database 118. The memory 402 may
comprise an article of manufacture. In some examples, the
memory 402 may include any non-transitory computer read-
able medium or machine readable medium, such as an
optical, magnetic or semiconductor storage. The memory
402 may store various types of computable executable
instructions, such as the updated fault interrupter instruc-
tions 402.

The memory 402 may be coupled to a processor 406.
Processor 406 could be any of a variety of processors, such
as, for example, a central processing unit, a miCroprocessor,
a lield programmable gate array, an application specific
integrated circuit, or the like. Processor 406 can be arranged
to execute 1nstructions stored in the memory 402 to aid in
performing one or more techniques described herein.

The wireless circuit breaker controller 400 may include a
power supply 408. The power supply 408 1s to convert, in
some 1mplementations, an AC voltage to a regulated DC
voltage for use by some or all the electrical components
associated with the wireless circuit breaker controller 400.
With some examples, power supply 408 can include mul-
tiple “hot” terminals and a neutral terminal. Thus, power
supply 408 could receive power from either “hot” wire to
provide redundancy. In the case of multi-phase systems, the
power supply 408 could be arranged to couple to multiple
phases to provide redundancy for the loss of one of phases.

The wireless circuit breaker controller 400 includes wire-
less communication components 410. The wireless commu-
nication components 410 enable the wireless circuit breaker
controller 400 to communicate wirelessly using any suitable
type of wireless communication technology (e.g., a short-
range wireless/near field wireless technology, Bluetooth®,
Wi-F1®, ZigBee®, etc.) Therefore, the wireless communi-
cation components 410 may include at least radio 418-1,
antenna 416-1, and processor 414-1. In general, the radio
418-1 can be any radio configured to communicate using a
wireless transmission scheme, such as, for example, BLE.
The antenna 416-1 can be coupled to radio 418-1 and
configured to emit and receive RF signals. For example, the
antenna 416-1 can emit RF signals received from the radio
418-1 (or a radio front, which 1s not depicted for clarity)
coupled between the radio 418-1 and the antenna 416-1. The
antenna 416-1 could be any of a variety of antennas (or
antenna arrays) having different shapes and/or configura-
tions arranged to emit/receive radio waves on a particular
frequency, range of frequencies, or the like. Processor 414-1
can be any ol a variety ol processors (e.g., application
processor, baseband processors, etc.) arranged to perform at
least transmaission and reception of wireless signals associ-
ated with the wireless circuit breaker controller 400. Fur-
thermore, the antenna 416-1 could be internal to the physical
housing or packaging of the breaker controller 400 or
external to the physical housing or packing of the breaker
controller 400.

As detailed, some embodiments provide wireless com-
munication components 410 ol wireless circuit breaker
controller 400 are operable to communicate over several
wireless frequencies or schemes. As such, processor 414-1,
radio 418-1 and antenna 416-1 could be arranged to com-
municate over multiple wireless communication technolo-
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gies, such as, for example, BLE and Wi-Fi. In other
examples, wireless communication components 410 can
include multiple sets of processor, radio and antenna. For
example, as depicted, components 410 further include radio
418-2, antenna 416-2 and processor 414-2. Thus, the first set
of radio 418-1, antenna 416-1 and processor 414-1 can be
arranged to communicate using a {irst wireless communica-
tion scheme, such as, BLE while the second set of radio
418-2, antenna 416-2 and processor 414-2 can be arranged
to communicate using a second wireless communication
scheme, such as, Wi-Fi.

The wireless circuit breaker controller 400 may further
include a wireline network interface 412. The wireline
network interface 412 enables the wireless circuit breaker
controller 400 to be coupled via a wireline connection to
various devices. For example, 1n some implementations, the
wireless circuit breaker controller 400 1s a standalone device
that may be wireline connected (e.g., via Ethernet) to a
remote device (e.g., Internet cloud 114) and wirelessly
connected to wireless breakers (e.g., breakers 104-») within
a circuit breaker panel (e.g., panel 102). In such an example,
the controller 400 could optionally omit one of the wireless
communication components (e.g., wireless communication
components 410 arranged to communicate via Wi-F1, or the
like). As another example, the wireless circuit breaker
controller 400 could be wireless coupled to wireless circuit
breakers (e.g., wireless circuit breaker 200, or the like) via
wireless communication components 410 and coupled via a
wired communication connection to other communication
enabled circuit breakers (not shown) via wireline network
interface 412.

FIGS. 5-12 illustrate logic flows, implementable by a
communication enabled circuit breaker and panel system,
such as, the system 100 of FIG. 1. In general, these logic
flows can be implemented by any communication enabled
circuit breaker and panel system or component(s) of such a
system, such as, the system 100, communication enabled
circuit breakers 104-», circuit breaker controller 106, remote
entity 120, commumnication enabled circuit breaker 200,
communication enabled circuit breaker 300, circuit breaker
controller 400, and/or the like. The following description of
FIGS. 5-12 reference remote entity 120, controller 400 and
breaker 200 for purposes of convenience and clarity only.
However, 1t 1s to be understood that the logic flows described
could be implemented by different combinations of compo-
nents of a communication enabled circuit breaker and panel
system without departing from the spirit and scope of the
claimed subject matter.

FIG. 5 depicts a technique 500 to communicate with a
communication enabled circuit breaker. The technique 500
may start at circle 5.1. At circle 5.1, breaker 200 may record
operating conditions or events related to the breaker 200. For
example, at circle 5.1 the breaker 200 may record metering
information or electrical parameters (e.g., energy, voltage,
current, power factor, active power Iactor, reactive power
tactor, power loss, voltage sags, power consumption, or the
like) associated with the breaker 200. As another example,
at circle 5.1 the breaker 200 may record other operating
conditions (e.g., temperature, humidity, time, date, or the
like) associated with the breaker 200 (e.g., from auxiliary
sensors 130, or the like).

In some examples, at circle 5.1 the breaker 200 may
record occurrence ol a fault event on load line 204. The
recorded occurrence of the fault can include an mdication of
a signature associated with the detected fault. With some
examples, at circle 5.1 the breaker 200 may record a status
of the fault interrupter 214 of breaker 200, such as, whether

10

15

20

25

30

35

40

45

50

55

60

65

18

the fault interrupter 1s in the open state (e.g., tripped) or in
the closed state (e.g., set), whether breaker 200 was tripped
or set locally or remotely, an indication or version number
of the fault interrupter instructions 210-1, or the like. In
some examples, information element 510 can include 1ndi-
cations of a unique 1dentifier of the breaker 200 (e.g., a
unmque wireless circuit breaker serial number, or the like), a
time and date of the trip incident, a load signature that
caused the trip incident, a zone or area that 1s without power

because of the trip incident, or the like. With some examples,
the information element 310 can include indications of
current, voltage noise, differential current and voltage, and/
or other monitored parameters observed proximate to the
trip incident (e.g., prior to, within a specified time of, or the
like).

Continuing to circle 5.2, breaker 200 can send informa-
tion element 510 including indications of the recorded
operating condition or events to controller 400. For example,
breaker 200 can send information element 510 including
indications of metering information, detected faults, breaker
status, or the like to controller 400. With some examples,
breaker 200 can send information element 510 to controller
400 via BLE. In some examples, breaker 200 can send
information element 510 to controller 400 1n response to
being polled by controller 400 for information element 510.
In other examples, breaker 200 can send information ele-
ment 510 to controller 400 without first being polled by
controller 400.

Continuing to circle 5.3, controller 400 can send infor-
mation element 510 to remote entity 120. Said differently at
circle 5.3 controller 400 can relay information element 510
from breaker 200 to remote entity 120. Continuing to circle
5.4, remote entity 120 can add indications of the operating
conditions or events indicated in the mmformation element
510 to a database, such as, database 118. For example,
remote entity 120 can add an indication of metering infor-
mation to database 118. As another example, remote entity
120 can add an indication of a detected fault to database 118.
Thus, remote entity 120 can populate database 118 to
provide a historical record of operating conditions of events
(e.g., detected faults, or the like) associated with breaker
200, or more specifically, associated with a branch circuit
coupled to load line 204 of breaker 200.

In further examples, remote entity 120 can send an alert
to a responsible entity associated with breaker 200. For
example, remote entity 120 can send an alert (e.g., email,
text message, automated phone call, or the like) to a respon-
sible entity (e.g., owner, operator, maintainer, or the like) of
panel 1 which breaker 200 1s deployed. With some
examples, remote entity 120 can send such an alert in
response to a trigger from a user profile or user account
setting indicated 1n database 118 or storage 116. In some
example, a trigger indicating an alert should be sent based on
receipt of an information element indicating detection of a
fault could be provided in database 118 or storage 116. As
such, during operation, remote entity 120 can send an alert
indicating detection of a fault by breaker 200 based on
receipt of information element 510 indicating the detection
of the fault. As another example, a trigger indicating an alert
should be sent based on receipt of an information element
indicating current flow exceeding a set limit could be
provided 1n database 118 or storage 116. As such, during
operation, remote entity 120 can send an alert indicating
current flow exceeded the set limit based on receipt of
information element 510 indicating a current flow that
exceeds the set limut.
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With some examples, the remote entity 120 might be a
provider of the power for panel system including breaker
200 and controller 400. In such an example, at circle 5.3,
controller 400 can send mformation element 510 including
clectrical parameters from breaker 200, diagnostic informa-
tion for breaker 200, demand response for branch circuit
coupled to breaker 200, brownout detection metrics, weather
related metrics, and/or etc. to the power provider. With some
examples, the controller can be arranged to provide 1ndica-
tions of power fed back into the grid (e.g., 1n the case of solar
power 1nstallation, or the like). It 1s noted that such inter-
tacing with the “power company™ might be facilitated on the
branch level as opposed to merely providing metrics for the
entire deployment. For example, power companies might
have visibility into HVAC system usage during, solar power
orid return, which can be filtered based on time, locations,
weather, etc. as detailed herein.

As noted herein, with some examples database 118 can be
provided by controller 400. As such, technique 500 could
omit circle 5.3 and controller 400 could implement circle 5.4
as depicted. Examples are not limited 1in these contexts. With
some examples, remote entity 120 can directly connect to
breaker 200. For example, FIG. 6 depicts technique 600 to
communicate with a wireless circuit breaker. The technique
600 may include circles 5.1, 5.2 and 5.4 of technique 500 of
FIG. 5. However, as illustrated, at circle 5.2 breaker 200 may
send mformation element 510 directly to remote entity 120,
as opposed to relaying information element 510 through
controller 400.

FIG. 7 depicts a technique 700 to communicate with a
wireless circuit breaker. The technique 700 may start at
circle 7.1. At circle 7.1, remote entity 120 can generate a
control signal 710 comprising an 1indication of an action for
breaker 200. For example, remote entity 120 can generate
control signal 710 comprising an indication to report a status
of breaker 200 to remote entity 120. As another example,
remote entity 120 can generate control signal 710 compris-
ing an indication to trip breaker 200 (e.g. interrupt current
flow to load line 204). In another example, remote entity 120
can generate control signal 710 comprising an indication to
set breaker 200 (e.g. restore current tlow to load line 204).
As another example, control signal 710 can comprise an
indication to perform a seli-test on breaker 200 and report
the results (e.g., AFCI functionality, BLE connectivity, con-
tact welding, RF interference levels, or the like) to either the
remote entity 120 or the controller 400.

With some examples, the control signal 710 may include
indications to adjust trip parameters, manage metering,
cause the performance of diagnostics, enable retrieval of
circuit breaker manufacturing and identification informa-
tion, set calibration parameters, and/or enable soft and hard
resets. In some examples, the control signal 710 may include
indications to reset to a normal operating mode (e.g., reen-
gage line monitoring), enable/disable arc fault functionality,
cnable/disable ground fault functionality, adjust trip
response time, adjust a current threshold to cause a trip
event, or the like. With some examples, the control signal
can include indications to implement seasonal control of
breaker 200, to implement time-based control of breaker
200, or to modily breaker 200 to comply with energy
consumption regulation (e.g., Title 24 1n California, or the
like).

Continuing to block 7.2 remote entity 120 can send
control signal 710 to controller 400. For example, remote
entity 120 can send control signal 710 including indications
of to report status, trip, set, or the like to controller 400. With
some examples, remote entity 120 can send information
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clement 710 to controller 400 via Wi-F1. Continuing to block
7.3 controller 400 can send control signal 710 to breaker
200. Said differently, controller 400 can relay control signal
710 from remote entity 120 to breaker 200. In some
example, controller 400 can send control signal 710 includ-
ing indications of to report status, trip, set, or the like to
breaker 200 via BLE.

Continuing to block 7.4, breaker 200 can take an action
based on control signal 710. For example, breaker 200 can
trip 1n response to recerving control signal 710 including an
indication to trip. More specifically, breaker 200 can execute
fault iterrupt 1nstruction 210-1 to cause fault interrupter
214 to iterrupt current flow to load line 204 based on
receiving control signal 710 including an indication to trip.
As another example, breaker 200 can set in response to
receiving control signal 710 including an indication to set.
More specifically, breaker 200 can execute fault interrupt
instruction 210-1 to cause fault interrupter 214 to restore
current flow to load line 204 based on receiving control
signal 710 including an indication to set. With some
examples, breaker 200 can record metering information,
operating condition, breaker status, or the like 1n response to
receiving control signal 710 including an indication to report
status.

In some examples, technique 700 can further include
circle 500/600, where breaker 200 sends an information
clement (e.g., information element 510) to including an
indication of metering information, operating conditions,
status, or the like. For example, breaker 200 can send
information element 510 to remote entity (e.g. as in tech-
nique 500 of FIG. 5, as in technique 600 of FIG. 6, or the
like) including an indication of confirmation of tripping,
setting, or the like. With some examples, controller 400 can
generate control signal 710. As depicted, technique 700
optionally 1llustrates controller 400 implementing circle 7.1.
In such an example, technique 700 could omit circle 7.2 and
instead proceed directly to circle 7.3 from circle 7.1.

With some examples, remote entity 120 can directly
connect to breaker 200. For example, FIG. 8 depicts tech-
nique 800 to communicate with a wireless circuit breaker.
The technique 800 may include circles 7.1, 7.2 and 7.4 of
technique 700 of FIG. 7. However, as illustrated, at circle 7.2
remote entity 120 may send control signal 710 directly to
breaker 200, as opposed to relaying control signal 710
through controller 400.

FIG. 9 depicts a technique 900 to communicate with a
wireless circuit breaker. The technique 900 may start at
circle 9.1. At circle 9.1, remote entity 120 can generate a
control signal and/or information element 910 (*signal 910’)
comprising an indication to update fault interrupter mstruc-
tions 210-1 and/or power metering istructions 210-2 of
breaker 200. Said differently, remote entity 120 can generate
signal 910 comprising an indication to update a firmware of
breaker 200.

As noted above, breaker firmware (e.g., fault interrupter
instructions 210-1, power metering instructions 210-2, or the
like) may generally include parameters of operating condi-
tions of breaker 200. For example, fault interrupter instruc-
tions 210-1 can provide conditions intended to trigger a trip
cvent. Said differently, the fault interrupter instructions
210-1 can be configured to control fault condition detection
algorithms and/or fault interruption characteristics of the
breakers 200. For example, the fault interrupter instructions
210-1 may define an overcurrent trip value in amps and an
overcurrent trip response time in seconds. In addition,
firmware of breaker 200 may define parameters associated
with the breaker 200. Such parameters may include current
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rating, voltage rating, time current curve characteristics
(e.g., the relationship between the sensed overcurrent and
the time required under which to trip the wireless circuit
breaker 200), status, trip alarm, remote trip, single phase or
three phase, and the like. 5

Remote entity 120, at circle 9.1, can generate updated
firmware or updated fault interruption mstructions 404-1. In
some examples, remote entity 9.1 can generate updated
firmware based on historical data associated with breaker
200 stored 1n database 118. This 1s described in greater detail 10
below referencing FIG. 11. However, 1 general, remote
entity 120 can generate updated firmware for breaker 200 to
‘customize’ breaker 200 to a load (e.g., HVAC, reingerator,
television, or the like), to customize breaker 200 to historical
operating conditions of a branch circuit coupled to load line 15
204 of breaker 200, or the like. It 1s noted, updated firmware
for breaker 200 could be generated based on specific cus-
tomers (e.g., residential, commercial, commercial property
policies, or the like), based on the branch circuit to which the
breaker 200 1s coupled, or based on the type of load coupled 20
to the branch circuit.

Continuing to block 9.2 remote entity 120 can send signal
910 to controller 400. For example, remote entity 120 can
send signal 910 including indications to update breaker
firmware (e.g., a control signal to update firmware and an 25
indication of the updated firmware, or the like) to controller
400. With some examples, remote entity 120 can send signal
910 to controller 400 via Wi-F1. Continuing to block 9.3
controller 400 can send signal 910 to breaker 200. Said
differently, controller 400 can relay signal 910 from remote 30
entity 120 to breaker 200. In some example, controller 400
can send control signal 910 including indications to update
breaker firmware to breaker 200 via BLE.

Continuing to block 9.4, breaker 200 can take an action
based on signal 910. For example, breaker 200 can imple- 35
ment an update procedure to update firmware based on
signal 910. In general, at circle 9.4, breaker 200 could (1)
trip, (2) update firmware, (3) run a seli-test to test the
updated firmware, and/or (4) set. In some examples, tech-
nique 900 can further include circle 500/600, where breaker 40
200 sends an information element (e.g., information element
510) to including an indication of confirmation of updated
firmware. For example, breaker 200 can send information
clement 510 to remote entity (e.g. as in techmque 500 of
FIG. 5, as 1n technique 600 of FIG. 6, or the like) including 45
an 1ndication of breaker 200 firmware version number and
tault interrupter 214 status. With some examples, controller
400 can generate signal 910. As depicted, techmque 900
optionally 1llustrates controller 400 implementing circle 9.1.

In such an example, technique 900 could omit circle 9.2 and 50
instead proceed directly to circle 9.3 from circle 9.1.

With some examples, remote entity 120 can directly
connect to breaker 200. For example, FIG. 10 depicts
technique 1000 to communicate with a wireless circuit
breaker. The technique 1000 may include circles 9.1, 9.2 and 55
9.4 of technique 900 of FIG. 9. However, as illustrated, at
circle 9.2 remote entity 120 may send signal 910 directly to
breaker 200, as opposed to relaying signal 910 through
controller 400.

In some examples, techniques 900 and/or 1000 can be 60
iteratively performed. For example, technique 900 and/or
1000 can be 1iteratively performed to enable an electrician
(or another suitable user) to interface in real-time with
breaker 200. For example, the electrician may connect to
breaker 200 via an application executed on a remote entity 65
120 (e.g., mobile device 112) or the like. Execution of the
application can cause remote entity 120 to generate signal
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910 including an indication for breaker 200 to enter a
‘service mode.” In such an example service mode, the circuit
breaker 200 may not trip upon the occurrence of a fault but,
rather, may communicate (e.g., as i techmque 500, 600, or
the like) data to remote entity 120 for analysis by either the
remote entity 120, the electrician, or other suitable entity. In
some examples, while 1n service mode, the breaker 200 may
be configured to not trip upon the occurrence of an arc fault,
a ground fault, an overcurrent fault, or a combination of
these. In other words, while 1n the service mode, the breaker
200 may be configured to trip upon detection of an over-
current but not trip upon detection of an arc fault. In some
examples, the circuit breaker 200 while 1n service mode may
indicate, by any number of methods, when 1t would other-
wise trip. Examples of such indication include flashing of
LED(s) or transmitting the indication to the remote entity
along with operating parameters (e.g., metering information,
or the like) incident to the tripping event.

Furthermore, the remote entity, the electrician, or other
suitable user, can analyze the indications of tripping along
with operating parameters and adjust the fault interrupter
instructions 210-1 and transmit updated fault interrupter
instructions 404-1 to the breaker 200 and update the breaker
according (e.g., as in technique 900, 1000, or the like). In
this manner, the fault interrupter nstructions 210-1 can be
refined/tailored to avoid unintentional fault interrupts (e.g.
nuisance tripping) of the breaker 200. With some examples,
fault interrupter instructions 210-1 may be refined, updated
as described herein during initial installation of the breaker
200. With some examples, fault interrupter instructions
210-1 can be refined updated remotely (e.g., by a manufac-
turer, by a service center, or the like) after deployment of
breaker 200, for example, because of repeated nuisance
tripping, or the like.

FIG. 11 illustrates a logic flow 1100 to generate updated
fault interrupter 1nstructions per embodiments of the present
disclosure. Some or all the communications and operations
associated with the logic flow 1100 may be embodied as one
or more computer executable instruction. Such computer
executable 1nstructions may be stored 1in the storage
medium, such the memory 208/402, or a plurality of dispa-
rate storage mediums. A computing device, such as the
processor 212/406, may execute the stored computer execut-
able 1nstructions.

The logic flow 1100 may begin with block 1110. At block
1110 “access a database comprising indications of detected
fault signatures and operating conditions for a wireless
circuit breaker” a processor can access a database compris-
ing indications of detected fault signatures and operating
conditions for a wireless circuit breaker. For example, a
remote enfity 120 (e.g., computing device 112, mobile
device 110, or a cloud-based processing device accessible
via Internet 114, or the like) can access database 118.
Remote entity 120 can access historical data associated with
breaker 200 (e.g., a breaker 104-» of panel 102, or the like)
including detected fault signatures and operating conditions
incident to the detected fault signatures via the Internet 114.

Continuing to block 1120 “generate, based on the detected
fault signatures and operating conditions, updated fault
interruption instructions for a branch circuit coupled to the
wireless circuit breaker” a processor can generate updated
fault interrupter instructions based on the historical data
including detected fault signatures and operating conditions
incident to the detected fault signatures. With some
examples, remote entity 120 (e.g., computing device 112,
mobile device 110, or a cloud-based processing device
accessible via Internet 114, or the like) can generate updated
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fault interrupter instructions for breaker 200 based on his-
torical data (e.g., detected fault signatures, operating condi-
tions, or the like) in database 118 associated with breaker
200.

In some examples, the processing device can generate
updated fault interrupter instructions to correct repeated
nuisance detection of fault signatures. In some examples, the
processing device can generate updated fault interrupter
instructions based on a detected load type coupled to breaker
200. With some examples, the processing device can imple-
ment machine learning, or another data processing technique
to generate the updated fault interrupter instructions. In
some examples, at block 1120, processing device may
receive updated fault interrupter instructions from a user
(e.g., electrician, manufacturer, or the like). For example,
with some implementations, a manufacturer may access
database 118 wvia Internet 114 to generate updated fault
interrupter nstructions and provide the updated fault inter-
rupter instructions at block 1120. As noted above, the
updated fault interrupter instructions could be generated
based on specific customers (e.g., residential, commercial,
commercial property policies, or the like), based on the
branch circuit to which the breaker 200 1s coupled, or based
on the type of load coupled to the branch circuat.

FI1G. 12 illustrates a logic flow 1200 to generate updated
fault interrupter instructions per embodiments of the present
disclosure. Some or all the communications and operations
associated with the logic flow 1200 may be embodied as one
or more computer executable instruction. Such computer
executable 1nstructions may be stored 1in the storage
medium, such the memory 208/402, or a plurality of dispa-
rate storage mediums. A computing device, such as the
processor 212/406, may execute the stored computer execut-
able 1nstructions.

The logic flow 1200 may begin with block 1210. At block

1210 ““access a database comprising indications of operating
conditions for a wireless circuit breaker” a processor can
access a database comprising indications of operating con-
ditions for a wireless circuit breaker. For example, a remote
entity 120 (e.g., computing device 112, mobile device 110,

or a cloud-based processing device accessible via Internet
114, or the like) can access database 118. Remote entity 120
can access historical data associated with breaker 200 (e.g.,
a breaker 104-» of panel 102, or the like) including detected
fault signatures and/or operating conditions via the Internet
114.

Continuing to block 1220 “identify, based on the detected
fault signatures and operating conditions, a potential future
fault on a branch circuit coupled to the wireless circuit
breaker” a processor can i1dentity a potential future fault on
a branch circuit coupled to the wireless circuit breaker. For
example, remote entity 120 (e.g., computing device 112,
mobile device 110, or a cloud-based processing device
accessible via Internet 114, or the like) can i1dentily a
potential future fault based on historical data (e.g., detected
fault signatures, operating conditions, or the like) 1n data-
base 118 associated with breaker 200. As a specific example,
processor can identily a potential future fault, such as, for
example, a failling load (e.g., HVAC compressor, motor, or
the like) based on historical data in database 118.

Continuing to block 1230 “send an indication of the
identified potential future fault to an entity associated with
the wireless circuit breaker” a processor can send an 1ndi-
cation (e.g., alert, text message, email, automated phone
call, or the like) comprising an indication of the identified
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potential future fault to a responsible party for the breaker
200 (e.g., owner of the panel 102 1n which breaker 200 is
deployed, or the like).

In some examples, logic flows 1100 and/or 1200 might
include information from various entities related to breaker
200. For example, as detailed herein, auxiliary sensors 130
coupled be coupled to panel 102, and particularly controller
106. Information from these sensors (e.g., IoT devices,
temperature sensors, weather monitors, security systems,
location information, etc.) can be included 1n the analysis of
the historical data indicated 1n database 118 to provide alerts,
updated firmware, updated fault tripping settings, as detailed
herein.

FIG. 13 illustrates an embodiment of a storage medium
1300. The storage medium 600 may comprise an article of
manufacture. In some examples, the storage medium 1300
may include any non-transitory computer readable medium
or machine readable medium, such as an optical, magnetic
or semiconductor storage. The storage medium 1300 may
store various types of processor executable mnstructions e.g.,
1302 executable by a processor (e.g., processor 212, pro-
cessor 222, processor 406, processor 414-1, processor 414-
2, etc.). Storage medium 1300 may store processor execut-
able mstructions 1302, which when executed by a processor

can cause the processor to implement any one or more of
techniques 500, 600, 700, 800, 900, 1000 and/or logic flows

1100 and/or 1200.

Examples of a computer readable or machine-readable
storage medium may include any tangible media capable of
storing electronic data, including volatile memory or non-
volatile memory, removable or non-removable memory,
crasable or non-erasable memory, writeable or re-writeable
memory, and so forth. Examples of computer executable
instructions may include any suitable type of code, such as
source code, compiled code, interpreted code, executable
code, static code, dynamic code, object-oriented code, visual
code, and the like. The examples are not limited in this
context.

While a wireless circuit breaker, a wireless circuit breaker
controller, wireless technology enabled circuit breakers and
methods for using the same have been described with
reference to certain embodiments, 1t will be understood by
those skilled 1n the art that various changes may be made,
and equivalents may be substituted without departing from
the spirit and scope of the claims of the application. Other
modifications may be made to adapt a particular situation or
material to the teachings disclosed above without departing
from the scope of the claims. Therefore, the claims should
not be construed as being limited to any one of the particular
embodiments disclosed, but to any embodiments that fall
within the scope of the claims.

Furthermore, the following examples are provided to
more fully described the embodiments of the present dis-
closure:

Example 1. A circuit breaker comprising: a housing, a
user actuator, a line side phase terminal, a load side phase
terminal, and a neutral terminal; a circuit interrupter con-
figured to selectively enable electrical communication
between the line side phase terminal and the load side phase
terminal; an electrical sensor 1n electrical communication
with at least one of the line side phase terminal, the load side
phase terminal, and the neutral terminal; a memory com-
prising circuit interrupter instructions, data acquisition
instructions, and communication instructions; wireless com-
munications circuitry; a processor electrically coupled to the
line side phase terminal, wherein the processor 1s 1 elec-
trical communication with each of the circuit interrupter, the
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clectrical sensor, the memory, and the communications
circuitry; wherein the processor executes the data acquisi-
tion 1nstructions to periodically collect data related to one or
more electrical parameters from the electrical sensor and
store the data 1n the memory; and wherein the processor 1s
configured to communicate the data to a remote device via
the wireless communication circuitry.

Example 2. The circuit breaker of example 1, wherein the
remote device 1s a mobile phone, a laptop computer, or a
tablet computer.

Example 3. The circuit breaker of example 1, wherein the
remote device 1s a commumnication enabled circuit breaker
controller.

Example 4. The circuit breaker of example 1, wherein at
least one of the one or more electrical parameters are current
flow between the line side phase terminal and the load side
phase terminal, current flow between the line side phase
terminal and the neutral phase terminal, voltage level of the
line side phase terminal, power consumed via the load side
phase terminal, humidity, or temperature.

Example 5. The circuit breaker of example 1, wherein the
processor executes the data acquisition 1nstructions to peri-
odically collect data related to a status of the circuit breaker
and communicates the data including the status to the remote
device via the wireless communication circuitry.

Example 6. The circuit breaker of example 5, the status
comprising indications of a signature of a load coupled to the
load side phase terminal or indications of tripping of the
circuit interrupter.

Example 7. The circuit breaker of example 1, wherein the
wireless communication circuitry 1s arranged to establish a
wireless communication channel via one of Bluetooth, Blu-
ctooth Low Energy, Wi-Fi, ZigBee, or near field communi-
cation.

Example 8. A commumication enabled circuit breaker
controller, comprising: wireless communications circuitry; a
processor electrically coupled to the wireless communica-
tion circuitry; and a memory coupled to the processor, the
memory comprising instructions, which when executed by
the processor, cause processor to receive from at least one
communication enabled circuit breaker, via the wireless
communication circuitry, data comprising indications of one
or more electrical parameters of the at least one communi-
cation enabled circuit breaker.

Example 9. The communication enabled circuit breaker
controller of example 8, wherein the processor executes the
instructions to add the data to a database associated with the
at least one communication enabled circuit breakers.

Example 10. The communication enabled circuit breaker
controller of example 8, wherein the processor executes the
instructions to determine at least one of power factor, active
power factor, reactive power factor, power loss, or voltage
sags based on the data.

Example 11. The communication enabled circuit breaker
controller of example 8, wherein the processor executes the
instructions to send the data to a power grid operator.

Example 12. The communication enabled circuit breaker
controller of example 8, wherein the processor executes the
instructions to send a command to one of the at least one
communication enabled circuit breakers to cause the one of
the at least one communication enabled circuit breakers to
send updated data to the communication enabled circuit
breaker controller.

Example 13. The communication enabled circuit breaker
controller of example 8, wherein the wireless communica-
tion circuitry 1s arranged to establish a wireless communi-
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cation channel via one of Bluetooth, Bluetooth Low Energy,
Wi-F1, ZigBee, or near field communication.

Example 14. An apparatus comprising: a line side phase
terminal; a load side phase terminal; a memory comprising
fault interrupter instructions and power metering instruc-
tions; an interrupter coupled to the memory, the interrupter
to interrupt an electrical commumnication between the line
side phase terminal and the load side phase terminal based
at least 1 part on the fault interrupter instructions; an
clectrical sensor coupled to at least one of the line side phase
terminal or the load side phase terminal; a wireless radio;
and a processor coupled to the memory and the wireless
radio, in response to executing the power metering nstruc-
tions the processor to: receive signals from the electrical
sensor; generate data related to one or more electrical
parameters ol the apparatus based on the received signals;
and send the data to a remote entity via the wireless radio.

Example 15. The apparatus of example 14, wherein the
remote entity 1s a mobile phone, a laptop computer, a tablet
computer or a communication enabled circuit breaker con-
troller.

Example 16. The apparatus of example 14, wherein at
least one of the one or more electrical parameters are current
flow between the line side phase terminal and the load side
phase terminal, voltage level of the line side phase terminal,
power consumed via the load side phase terminal, humidity,
or temperature.

Example 17. The apparatus of example 14, wherein the
processor executes the power metering instructions to
repeatedly receive signals from the electrical sensor, gener-
ate data related to one or more electrical parameters based on
the repeatedly received signals, and communicates the data
to the remote entity via the wireless radio.

Example 18. The apparatus of example 14, wherein the
processor executes the power metering instructions to deter-
mine a status of the apparatus and send the status to the
remote entity, the status comprising indications of a signa-
ture of a load coupled to the load side phase terminal or
indications of tripping of the interrupter.

Example 19. The apparatus of example 14, the wireless
radio arranged to communicate via Bluetooth, Bluetooth
Low Energy, Wi-F1, ZigBee, or near field communication.

Example 20. A system comprising: at least one commu-
nication enabled circuit breaker, each of the at least one
communication enabled circuit breakers comprising: a line
side phase terminal; a load side phase terminal; a first
memory comprising fault interrupter instructions and power
metering mstructions; a fault interrupter coupled to the first
memory, the fault interrupter to interrupt an electrical com-
munication between the line side phase terminal and the load
side phase terminal based at least i part on the fault
interrupter instructions; an electrical sensor coupled to at
least one of the line side phase terminal or the load side
phase terminal; a first wireless radio; and a first processor
coupled to the first memory and the first wireless radio; and
a circuit breaker controller comprising: a second wireless
radio; a second memory comprising controller instructions;
and a second processor electrically coupled to the second
wireless radio and the second memory; wherein the first
processor, 1n response to executing the power metering
istructions to receive signals from the electrical sensor,
generate data related to one or more electrical parameters of
the at least one communication enabled circuit breaker based
on the received signals, and send the data to the circuit
breaker controller via the first wireless radio; and wherein
the second processor, 1n response to executing the controller
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instruction to receive the data from the at least one com-
munication enabled circuit breakers via the second wireless
radio.

Example 21. The system of example 20, wherein at least
one of the one or more electrical parameters are current tlow
between the line side phase terminal and the load side phase
terminal, voltage level of the line side phase terminal, power
consumed via the load side phase terminal, humidity, or
temperature.

Example 22. The system of example 20, wherein the first
processor executes the power metering 1nstructions to col-
lect a status of the at least one communication enabled
circuit breaker and communicates the status to the circuit
breaker controller via the first wireless radio.

Example 23. The system of example 22, the status com-
prising indications of a signature of a load coupled to the
load side phase terminal or indications of tripping of the
circuit interrupter.

Example 24. The system of example 20, wherein the first
and the second wireless radios are arranged to establish a
wireless communication channel via Bluetooth, Bluetooth
Low Energy, Wi-Fi, ZigBee, or near field communication.

Example 25. A system comprising: at least one commu-
nication enabled circuit breaker, each of the at least one
communication enabled circuit breakers comprising: a line
side phase terminal; a load side phase terminal; a first
memory comprising fault interrupter instructions and power
metering instructions; a fault interrupter coupled to the first
memory, the fault interrupter to mterrupt an electrical com-
munication between the line side phase terminal and the load
side phase terminal based at least in part on the fault
interrupter instructions; an electrical sensor coupled to at
least one of the line side phase terminal or the load side
phase terminal; a first wireless radio; and a {first processor
coupled to the first memory and the first wireless radio; and
a remote entity comprising: a second wireless radio; a
second memory comprising remote entity instructions; and
a second processor electrically coupled to the second wire-
less radio and the second memory; wherein the first proces-
sOr, 1n response to executing the power metering instructions
to receive signals from the electrical sensor, generate data
related to one or more electrical parameters of the at least
one communication enabled circuit breaker based on the
received signals, and send the data to the remote entity via
the wireless radio; and wherein the second processor, in
response to executing the remote entity instruction to receive
the data from the at least one communication enabled circuit
breakers via the second wireless radio.

Example 26. The system of example 25, wherein the
second processor, 1n response to executing the remote entity
instruction, adds the data to a database associated with the
at least one communication enabled circuit breakers.

Example 27. The system of example 26, the database
accessible to the remote entity via the Internet.

Example 28. The system of example 25, wherein the
remote entity 1s a mobile phone, a laptop computer, or a
tablet computer.

Example 29. A method comprising: accessing a database
comprising information of a plurality of faults reported by a
communication enabled circuit breaker and historical oper-
ating parameters of the communication enabled circuit
breaker; and generating updated fault interruption nstruc-
tions for the communication enabled circuit breaker based
on the plurality of faults and the historical operating param-
eters.

Example 30. The method of example 29, wherein the
database 1s accessible via the Internet and the communica-
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tion enabled circuit breaker periodically communicates
faults or current operating parameters to be added to the
database.

Example 31. The method of example 30, wherein the
current operating parameters include at least one of current
flow, voltage level, humidity, or temperature.

Example 32. The method of example 30, comprising
accessing the database by a manufacturer of the communi-
cation enabled circuit breaker and generating, by the manu-
tacturer, the updated fault interruption instructions.

Example 33. The method of example 30, wherein the
operating parameters comprise indications of a signature of
a load coupled to the communication enabled circuit
breaker, the method comprising generating updated fault
interruption 1instructions for the communication enabled
circuit breaker based on the plurality of faults, the historical
operating parameters and the signature of the load.

Example 34. A method comprising: accessing a database
comprising information of a plurality of faults reported by a
communication enabled circuit breaker and historical oper-
ating parameters of the communication enabled circuit
breaker; monitor current operating parameters of the com-
munication enabled circuit breaker; and predict a future fault
of the communication enabled circuit breaker based on the
plurality of faults, the historical operating parameters, and
the current operating parameters.

Example 35. The method of example 34, wherein the
database 1s accessible via the Internet, monitoring current
operating parameters comprises, periodically receiving the
current operating parameters from the from the communi-
cation enabled circuit breaker.

Example 36. The method of example 34, wherein the
historical operating parameters and the current operating
parameters include at least one of wherein the current
operating parameters include at least one of current flow,
voltage level, humidity, or temperature.

Example 37. The method of example 34, comprising
sending an alert to a user, the alert comprising an indication
of the future fault.

Example 38. A communication enabled circuit breaker
comprising: a line side phase terminal; a load side phase
terminal; a memory comprising instructions; a fault inter-
rupter coupled to the memory, the fault interrupter to inter-
rupt an electrical communication between the line side phase
terminal and the load side phase terminal; a wireless radio;
and a processor coupled to the memory and the wireless
radio, the processor 1n response to executing the power
metering istructions, to: receive a control signal comprising
an indication to imtiate at least one of report operating
information to a remote entity, interrupt the electrical com-
munication between the line side phase terminal and the load
side phase terminal, adjust an operating parameter, or com-
pensate for under voltage conditions.

Example 39. A method comprising: establishing a com-
munication channel with one or more communication
enabled circuit breakers; and receiving information from at
least one of the one or more communication enabled circuit
breakers via the established communication channel, the
information comprising indications of at least one of: an
operating condition, an operating parameter or a status.

Example 40. A method comprising: receiving information
from a communication enabled circuit breaker, the commu-
nication enabled circuit breaker comprising a fault inter-
rupter, the information comprising indications of at least one
of: an operating condition, an operating parameter or a
status; and diagnosing a fault with the communication
enabled circuit breaker, the fault comprising a seli-test fault,
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a fault with fault mterrupter, a contact welding fault, or a
communication interference fault.

Example 41. A method comprising: receiving information
from a communication enabled circuit breaker, the commu-
nication enabled circuit breaker comprising a fault inter-
rupter, the information comprising indications of at least one
of: an operating condition, an operating parameter or a
status; and adding the indications to a database associated
with the communication enabled circuit breaker.

Example 42. A method comprising: accessing a database
comprising information of a communication enabled circuit
breaker, the information comprising indications of at least
one of: an operating condition, an operating parameter or a
status; and analyzing the information to at least one of:
determine whether the communication enabled circuit
breaker 1s operating normally or a branch circuit operably
coupled to the communication enabled circuit breaker is
operating normally; wherein the accessing and analyzing 1s
done via a mobile device, via a circuit breaker controller, or
via the circuit breaker.

Example 43. A method comprising: accessing a database
comprising information of a communication enabled circuit
breaker, the information comprising indications of at least
one of: an operating condition, an operating parameter or a
status; and customizing a firmware for the communication
enabled circuit breaker based on the information; wherein
the firmware 1s customized for at least one of a residential
user, a commercial user, a branch circuit coupled to the
communication enabled circuit breaker, or a load coupled to
the communication enabled circuit breaker.

Example 44. A method comprising: sending, from a
computing device, authentication credentials to access a
database for a communication enabled circuit breaker panel
system, the communication enabled circuit breaker panel
system comprising one or more communication enabled
circuit breakers, the database comprising indications of at
least one of an operating condition, an operating parameter
or a status, for each of the one or more communication
enabled circuit breakers and comprising an indication of a
global setting for the communication enabled circuit breaker
panel; and modifying the global setting for the communi-
cation enabled circuit breaker panel; or requesting the indi-
cations of at least one of the one or more communication
enabled circuit breakers.

Example 45. A method comprising: accessing a database
comprising indications of a plurality of faults reported by a
communication enabled circuit breaker and indications of
historical operating parameters of the commumnication
enabled circuit breaker; monitor current operating param-
eters of the communication enabled circuit breaker; and
receiving related information, the related information com-
prising at least one of user input, user feedback, or obser-
vations from related systems; and predicting a future fault of
the communication enabled circuit breaker based on the
plurality of faults, the historical operating parameters, the
current operating parameters, and the related information; or
updating a firmware for the communication enabled circuit
breaker based on the plurality of faults, the historical oper-
ating parameters, the current operating parameters, and the
related information.

Example 46. A system comprising: a circuit breaker
controller comprising a wireless radio to provide a wireless
network to communicatively couple to a plurality of com-
munication enabled circuit breakers; and a plurality of
communication enabled circuit breakers, each of the plural-
ity of communication enabled circuit breakers comprising a
wireless radio, the wireless radio of each of the plurality of
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communication enabled circuit breakers to cooperate to
extend or mesh the wireless network provided by the circuit
breaker controller to communicatively couple each of the
plurality of communication enable circuit breakers to the
circuit breaker controller.

We claim:

1. A communication enabled circuit breaker controller,
comprising;

wireless communications circuitry comprising a wireless

radio;

a processor electrically coupled to the wireless commu-

nication circuitry; and

a memory coupled to the processor, the memory com-

prising instructions, which when executed by the pro-
cessor, cause the processor to:

receive, wirelessly via the wireless radio, from at least one

communication enabled circuit breaker via the wireless
communication circuitry, data associated with one or
more arc faults generated, the data comprising one or
more detected fault signatures associated with the one
or more arc faults and indications of one or more
operating conditions incident to the one or more
detected fault signatures of the at least one communi-
cation enabled circuit breaker:

cause transmission of the data to a remote device; and

receive, from the remote device, updated fault interrup-

tion 1nstructions for detection of arc faults based on the
data for the at least one communication enabled circuit
breaker; and

sending the updated fault interruption instructions to the

at least one communication enabled circuit breaker.

2. The communication enabled circuit breaker controller
of claim 1, wherein the processor executes the instructions
to add the data to a database associated with the at least one
communication enabled circuit breakers.

3. The communication enabled circuit breaker controller
of claim 1, wherein the processor executes the instructions
to determine at least one of power factor, active power
factor, reactive power factor, power loss, or voltage sags
based on the data.

4. The communication enabled circuit breaker controller
of claim 1, wherein the processor executes the instructions
to send the data to a power grid operator.

5. The communication enabled circuit breaker controller
of claim 1, wherein the processor executes the instructions
to send a command to one of the at least one communication
enabled circuit breakers to cause the one of the at least one
communication enabled circuit breakers to send updated
data to the communication enabled circuit breaker control-
ler.

6. The communication enabled circuit breaker controller
of claim 1, wherein the wireless communication circuitry 1s
arranged to establish a wireless communication channel via
one of Bluetooth, Bluetooth Low Energy, Wi-F1, ZigBee, or
near field communication.

7. An apparatus for a wireless circuit breaker, comprising:

a line side phase terminal;

a load side phase terminal;

a memory comprising fault interrupter instructions and

power metering instructions;

an interrupter coupled to the a processor, the interrupter to

interrupt an electrical communication between the line
side phase terminal and the load side phase terminal
based at least 1 part on execution of the fault inter-
rupter istructions by the processor;

an electrical sensor coupled to at least one of the line side

phase terminal or the load side phase terminal;
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a wireless radio; and

a processor coupled to the memory and the wireless radio

and communicatively coupled with the iterrupter, the

processor to perform operations, 1n response to execut-
ing the power metering instructions, the operations to:
generate data associated with one or more arc faults
based on received signals from the electrical sensor,
the data comprising one or more detected fault
signatures associated with the one or more arc faults
and 1ndications of one or more operating conditions
incident to the one or more detected fault signatures;
send the data to a remote entity via the wireless radio;
receive updated fault interrupter instructions; and
store the updated fault interrupter instructions in the
memory
wherein the processor and the wireless radio are coupled
with the line side phase terminal to communicate via the
wireless radio while the wireless circuit breaker is tripped.

8. The apparatus of claim 7, wherein the remote entity 1s
a mobile phone, a laptop computer, a tablet computer or a
communication enabled circuit breaker controller.

9. The apparatus of claim 7, wherein at least one of the
one or more operating conditions are current flow between
the line side phase terminal and the load side phase terminal,
voltage level of the line side phase terminal, power con-
sumed via the load side phase terminal, humidity, or tem-
perature.

10. The apparatus of claim 7, wherein the processor
executes the power metering instructions to repeatedly
receive signals from the electrical sensor, generate data
related to one or more operating conditions based on the
repeatedly received signals, and communicates the data to
the remote entity via the wireless radio.

11. The apparatus of claim 7, wherein the processor
executes the power metering instructions to determine a
status of the apparatus and send the status to the remote
entity, the status comprising indications of a signature of a
load coupled to the load side phase terminal or indications
of tripping of the interrupter.

12. The apparatus of claim 7, the wireless radio arranged
to communicate via Bluetooth, Bluetooth Low Energy,
Wi-Fi1, ZigBee, or near field communication.

13. A system comprising:

at least one communication enabled circuit breaker, each

of the at least one communication enabled circuit

breakers comprising:

a line side phase terminal;

a load side phase terminal;

a first memory comprising fault interrupter istructions
and power metering instructions;

a fault interrupter coupled to the first memory, the fault
interrupter to interrupt an electrical communication
between the line side phase terminal and the load
side phase terminal based at least 1n part on the fault
interrupter istructions;

an electrical sensor coupled to at least one of the line
side phase terminal or the load side phase terminal;

a first wireless radio; and

a first processor coupled to the first memory and the
first wireless radio; and

a circuit breaker controller comprising:

a second wireless radio;

a second memory comprising controller 1nstructions;
and

a second processor electrically coupled to the second
wireless radio and the second memory;
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wherein the second processor, 1 response to executing

the controller mstructions to:

recerve, wirelessly, from the at least one communication

enabled circuit breaker via the first wireless radio, data
associated with one or more arc faults, the data com-
prising one or more detected fault signatures associated
with the one or more arc faults and indications of one
or more operating conditions incident to the one or
more detected fault signatures of the at least one
communication enabled circuit breaker;

cause transmission of the data to a remote entity;

receive, from the remote entity, updated fault interruption

instructions for detection of arc faults based on the data
for the at least one communication enabled circuit
breaker; and

sending the updated fault interruption instructions to the

at least one communication enabled circuit breaker.

14. The system of claim 13, wherein at least one of the one
or more operating conditions are current flow between the
line side phase terminal and the load side phase terminal,
voltage level of the line side phase terminal, power con-
sumed via the load side phase terminal, humidity, or tem-
perature.

15. The system of claim 13, wherein the first processor
executes the power metering instructions to collect a status
of the at least one communication enabled circuit breaker
and communicates the status to the circuit breaker controller
via the first wireless radio.

16. The system of claim 15, the status comprising indi-
cations of a signature of a load coupled to the load side phase
terminal or indications of tripping of the circuit interrupter.

17. The system of claim 13, wherein the first and the
second wireless radios are arranged to establish a wireless
communication channel wvia Bluetooth, Bluetooth Low
Energy, Wi-Fi, ZigBee, or near field communication.

18. The communication enabled circuit breaker controller
of claim 1, wherein the processor executes the instructions
to send an 1information element comprising indication of the
data to a cloud-hosted database.

19. The communication enabled circuit breaker controller
of claim 18, wherein the cloud-hosted database comprises
indications of historical data associated with the at least one
communication enabled circuit breaker.

20. The system of claim 13, wherein the second processor
executes the controller instructions to send an information
clement comprising indication of the data to a cloud-hosted
database.

21. The system of claim 20, wherein the cloud-hosted
database comprises 1indications of historical data associated
with the at least one communication enabled circuit breaker.

22. The system of claim 13, wherein the remote entity
COmMprises:

a third processor; and

a third memory coupled to the third processor, the third

memory comprising remote entity instructions and a

historical database, the remote entity instructions, when

executed by the third processor cause the third proces-

sor to:

access the historical database, the historical database
comprising information of a plurality of faults

reported by the at least one communication enabled
circuit breaker and historical operating parameters of
the at least one communication enabled circuit
breaker; and
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generate the updated fault interruption instructions for
the communication enabled circuit breaker based on
the plurality of faults and the historical operating

parameters.

23. The system of claim 22, wherein the remote entity 1s
communicatively coupled to the circuit breaker controller
via the Internet, the second processor to execute the con-
troller 1instructions to send the data to the remote entity to be
added to the historical database.

24. The system of claim 22, wherein the data comprises
indications of one or more faults, current operating param-
cters, or faults and current operating parameters.

25. The system of claim 24, wherein the current operating,
parameters include at least one of current flow, voltage level,
humidity, or temperature.

26. The system of claim 24, wherein the operating param-
eters comprise indications of a signature of a load coupled
to the communication enabled circuit breaker, the remote
entity instructions, when executed by the third processor
cause the third processor generate the updated fault inter-
ruption instructions based on the plurality of faults, the
historical operating parameters and the signature of the load.

27. The system of claim 22, the remote entity instructions,
when executed by the third processor cause the third pro-
cessor to provide access to the historical database by a
manufacturer of the at least one communication enabled
circuit breaker, wherein the updated fault interrupter 1nstruc-
tions are generated by the manufacturer and received by the
remote entity.

28. The system of claim 22, the remote entity instructions,
when executed by the third processor cause the third pro-
cessor to:
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monitor current operating parameters of the at least one
communication enabled circuit breaker; and
predict a future fault of the at least one communication
enabled circuit breaker based on the plurality of faults,
the historical operating parameters, and the current
operating parameters.
29. The system of claim 28, the remote entity 1mnstructions,
when executed by the third processor cause the third pro-
cessor to send an alert to a user, the alert comprising an

indication of the future fault.

30. The system of claim 22, wherein the historical oper-
ating parameters and the current operating parameters
include at least one of wherein the current operating param-
cters 1nclude at least one of current flow, voltage level,
humidity, or temperature.

31. The communication enabled circuit breaker controller
of claim 1, wherein the data comprises data associated with
one or more arc faults while the at least one communication
enabled circuit breaker 1s 1n a service mode, the service
mode to disable tripping responsive to arc faults.

32. The apparatus of claim 7, wherein the data comprises
data associated with one or more arc faults while the at least
one communication enabled circuit breaker 1s 1n a service
mode, the service mode to disable tripping responsive to arc
faults.

33. The system of claim 15, wherein the data comprises
data associated with one or more arc faults while the at least
one communication enabled circuit breaker 1s 1n a service
mode, the service mode to disable tripping responsive to arc
faults.
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